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Abstract 



PROBLEM TO BE SOLVED: To control gas activated with plasma to reach a . substrate provided within a 
reaction chamber as much as possible under the active condition. 

SOLUTION: A substrate processing apparatus is provided with a reaction tube 30 to form a substrate 
processing region, to process a_wafer W.. a furnace .flaoge.4 to support the jeactipn tube. 30, a gas supply 
pipe 7 provided to the furnace flange 4 to supply the gas to the reaction tube 30, and a plasma generating 
means 32 to generate plasma. The plasma generating means 32 is formed of an annular electrode 12 for 
discharging purpose and is then provided at an internal circumferential wall of the furnace flange 4. This 
plasma generating means 32 is provided to the furnace flange 4 near the gas supplying pipe 7 to supply the 
gas which requires activation with plasma and forms a plasma generating region 26 within the furnace 
flange. A plasma control means 1 1 is further provided to control plasma between the plasma generating 
region 26 and the substrate processing region 24. 
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[0 04 4 ] -rtcfc^. *'-^6(C•?x--'^W€^Ka 
L. -t©^, 1 0<tO*PP+-t":'7'5 

?r/M/-C*"-h6^rtg|5iSJJ:;'g3f*3k:3fA-r-5. ^pP* 
+ 'J 7" 5 tIiS^pP 7 7 > 4 ©TJb ^:^±(C8;|33 L- /eft. 
SS?:S5E^k-r-5. */c. ^fgRSJt::«2rt«:gFmi/TE 

if^l:7*^6ai!jS©*!iaffl;^'X (oijiSSliy^;^. ^gStt** 
X) ?:*pP7 5>':^4 5:/M/rSJt«3 0rt{Ctt*&U-P 

gCCIc. D -C •7- 5 X V (c J: 0 St4{ 1 0 rl^^fSf 2. . Sft-^ 

mmicimtz. ^m^i^k. ;</x«t&if 7*^6^(4 

^X*»Ab. Jgi&gSOf^^qFrStt^XtcgJftLT. 
^EKlfl^i^ii'S. *-h6;&T|i^3-ti-. ^-h6*^e> 

W^lHliRr*. 

[004 5] ccr. fi£*iii^'.#.tJ, B93fLfcJ:^(C 
S«jaJl«S«2 4 rtCCflt|§T2. :<7'X 16a. 1 7 a 
*pP 7 7 > 4 rt© 77 X-^^fiXiWHi 2 6 {C r 7" 7 X V 

ic J: »3 r£14<t$ hfc*'x*s^S n ^..^Sf* 
[0046] '^{C. C©*^SftBJ-ri. ^'Xiea. 1 

7 a©^ ^rStt<t©!£:>Stt*'x 1 7 a «. :^En«:^n-r J: 

^K:7'7X-74fiSiii^2 6--fitifssn«.. ismtsiti 
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[0047] 3t**tt*'X. ■5Ii^tt*'X«:J^P77>i^4 

*>^®c.t 2 4 rtccett^T *{ci^ ur . Jpd^ 7 >i> 4 
rtKisw/oK^fflms 1 2 tcKjgjssiiia 5 a^sbjizS 

7 a*«fi!fSLT:i^n:7 5>i^4©-7'5Xv4fiKfI»^2 6 

tc7"7XvA54fiX$n^., ccr. mc7''7x-7±fm 

J:c>. 77Xv©4fi£?n/c7-7X74^^i?!(2 6{C;^;' 

n-5. 

( 0 0 4 8 ] 7' 7 X 26 1 mmmm z 4 
icDrBiccg:w/c7'5Xv$ijjai^i5i 1 ^%<^^m-i^fc 

Qij>hn^mS.W^2 4'N46t7SSSS2 5 a*jiorl£» 
bct'^ifCfe^ Sl£?n5®-C. S-7-<Dj!ttS«}W)? 
n. ^Oii^V 7 X^ScpStSSaffiMfeJ 2 4 '>©ii£A*i 
*lJia)$h.2>. t^iL. :tfX 1 7 a^ritt^bS^SCilC 

tc^'ttr*^.. 3;/c. mat^^u^,^:^':^ i 6 a tti^lt 
t?*5. L/fc*i^-Cr§ttaRO*;^;;^ l 6 a«77Xv$ii 
iSi^Kl l©iJ«f*SW«ct». C<Dtcit>. 7'v:K-7UM 
*IS1 1 tCfl«S3tx/c;«/X 16a. RaV^X-^^i&m 

M26vkis.$rifcy'^x-7f^J:>)iimt$ritcij^ i 

7a«> V'vX-7mm^$i \ HcmU^tMCi:fJi<. 

x;u-r««j!affi«ia2 4K:«i^$nr. -^x-MWi 
( 0 0 4 9 ] c cr, -^mt^::^. %'m.fi7.<Dii7.m 
b-ir 1 'C»!lS$*l-Ct»4S1fiS!ia«I»^2 4 Tfi£!i*?f 

[0050] fiagii!iJiiag-CDrii?$tt^x*5?gtt 

xm\ti-sL^mt{^tj.i,K itc. simti^'xiiimitsit 
5 c i tc J: 9 . m<o^it i> b < {mmmitnm^ 

> : S i H.C 1 .) J&fiEffl-ri. COitJfJfiXStliM 
S i,N,)llT-*5. '^m\t^Xit. IsibtcDCS 
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m^ii. SiH.. SiCl,. Si.H.. Si, CI.. 
BTBAS. TEOS5?©i/-7>S^X. *fc»-€-©ft!! 
<D^a(Cffl t, » 6 ;<7 X7!>s * ^> . 
( 0 0 5 2 ] -eitStt^^/X. SJ^S14:</X?:it«:?Stt 

7. 1 8*SK:j^P77>i?4©7'7Xv4fiS^IS3 2 
©Jfi^tcgwr. jRiWi 7 a. 1 8 acDJr^K:. r'<r 
7-7 Xv^fiXtltS 2 6 'Nfit-f^T 5 . 
100 5 3] ^^Ltc^'jicmi ®j|JS©m^-C«. 

ffMt. SlotrtK:^.*&-ri;t/XK:. 77 X v£)iSS|JiS 
•C 7" 7 X V tc J; t3 ri tif b ? n /c X *s # S 4a 2. <t ^1 {c U 

SJftCVDOjgg (6 0 0--8 0 0*C) {Cjt'^r. <to 
gC>Sg (3 0 0-6 0 0 'C (DSC + NH3-S i N 

77X-7)&|ieo/ci»CVD«BrW. ';*-h7*vXv 

20 CiJjl-C^-S. 

[0054] *f*«{Ctt. a«MS«R1^2 4rt{c«*&-r 
2)^X^r. ^□7 5>-:^4i1-©l§fn/c(4gtC*'2)77X 
■7'^mknX\tU< . jtpP7 7>i^4rt07"7X-v4^ 
SRJ|J2 6CC-CrStt{tL/Tl»^>. l/fc*Sor. *pP77> 
i> 4 ?h©ginte{4g(C 77 X-74Ji£«Ite:!{«rSt^ r iiT.^ 
f^tl 7^jiDrSttS5:tt,f§T^ti^<i:g^cO. Stt 
{tb/c;^X*5;yxm^lfl 7?:jl6^fC^©f . iiTsi^^ 
If 1 7©rtSi©(fi3ltc4eH-r^r§14a©j'H2iS?:;*c*i 

30 <!:K»T5JpP7 7>i>4©7"7X-7SfeJi2mf2 er:^' 

x*rSt4<bra©r. 77X-7i^MJa2 errStt^k^ 

hfc^X«rii^*>{cS«*ftaiSR»ll 2 4 tCSAC t *j-c# 

€)©r. r£i4«©7-Y7i»-^A^h*5^c<)SS. 

•or. J:0^<®r£tt{b?tx/c/7X. SO-rStta^r-l^i 

±-es(i$m < SIC? «ras^t»ii*}^)jS-c 1 5. 

( 0 0 5 5 ] s/c. s«i(aafflt«2 4 vcM^bicVvX 
■7^mm. 2 6 r 7" 7 x-7 L- r <> . s^nisiDt 

2 4 i7-7Xv4fiXm?!i2 6 i©HicSW/c77X-7$lJ 

40 ai^^iai i{cj;7rss*aa?sii!{2 4'siffiA-r5:^7X 

v©M?:$ijiSPT'5.©r'. 7"7Xv{Cj:S'5x-/^W'^© 

[0 05 6] icte. i^l/fcHigCJfJfigrW. ■5x-/^ 
W±{Cfi6jB-r5t8^K:ot,>rSiB« U/c^i. *^h^(JC ti 

© ^ y - > i'ffl^X %<^P 7 7 > 4 1^© 7*7 Xv4 

2 6 r ?Si4{b $ # S C i tc i . 
[005 7 ] ifcCVD^£K:pg6-r. ALD (Atom 
50 ic Layer Deposition) iilCjSfflT 
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icti>v^i, ccx\ ALUmt, tLixWfiS(D 
CS + NH,-S i NCDtB^. 3 0 0-6 0 0*C) "CS 

[ 0 0 5 8 ] i /c. ±a>L/fc||JS®Jf?!!S-C{3:. 7*7X7 
/c. I^A^b. Cl©7'7Xv4RjMt|!(2 6?r)il®0r7-^ 

X^^&i±i,ii, c i *5-c # n . I5l CiSl^jgS;^^^- 
^I'+'-r. fi«s//x i-m^mM. < fttt^t-r s c i 

[00 59)04. 05«. 7'5X-7?rJ:»)lS5ffigK: 

r*0, S5l3:04<DSg|5©WEp-CAi. 114 SO* 
ia5®«lfiXB. S*WtCBia2<D«lfiS<!:|Sl(;-C*5. @ 

X-74^^153 2?::^>'^*- 1 AXm.-oXi.^i>^Xhi. 
ttc. fia>l//cJ;'5^C7'-7X-7$iJiai^lSl l ?:7"^Xv 

4fi5(;«^2 6 tmm!mmm2 4 icoi^ffKiswrK:^ 

[0060] \:Xff^mW)K.fmti>. IE 4 ^ 
«C. 7'-7Xv4fiE^g3 2{C7'7X-7?rtti;ii«)-2>:<7^< 
-1 4«rS:l^-2.. 1 4(3:. 7'-7X-74fiE^S3 2 

*«fiE-r^Sic«lffl© 'J > 1 2 1 3 © 

«fiS3n; jtpn7 5>i^4©rt^ilcc?s-pr^i^e.n 

-J. C©*/N'- 1 4t^tc. ilfS;g©:7"7Xv I 5 5r4fiX 
■rS77X-74OTI{2 6*5J&fiX3tv4. 1 4{i 

[0 06 1] UStC^^-r.t'^tC. 1 4W, Bg^jl 

^tC. y7-'N--14. SSI 2. Vvlyi^Atfi^tl^nm 

^{KSPO-igtSHL^rteO. CCA»6*^<-14rt 
icmmijy^ 1 9 a*5C^Sn5. ^J|liSI5©f41S«rai> 
rMa)cSB2 24«fiJct/rteO. C®ia»SB2 2©ifi(g«: 
:tfX2 0 a*50t*&$n.S, $/c. C©5aS)(SP2 2©mi) 

«: 7" ^ x^^ijiaisfl} 2 3 6 n 6 . 7' 7 x-7$ijia)ts 

1«2 3«. B?aiL/c7'7Xv$l|'(S*l81 1 



(7) !Kra2 00 3-2 2942 5 
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fco<«xy htt-C«lfiEL-C*4. 

[006 2] imitxicUm-:f=7X^2 l«:j:0?S1±<t 

Eni9a(C7nf J:^^C/7-'^•-l 4l^g|5{CiIg#iJ&L/, 5^ 
2 2J:'3K'3tai-. 

( 0 0 6 3 ) ^^'S- 1 4©-}Sj!p^«*S$ n/c^'X 1 9 

10 att. 4rt^cf^^;iA$^a•ril5SS^c^t■D/c•7■7 
Xvl SCCiOrSli^tsns. rSti{t(cj:04^3*i/c 
SttSW. g3&g)J2 2 *^f>77Xv$lJffltS*»2 3 
•CKOmsn. *pP77>i?4«:)l-CStgiSiffl«|ia2 4 
(catfn'S. t)J'i- 1 4rt-C4fiX?*^fc7'7Xv 1 5 
VvX-7nmim2 3 (CJ: 13 . 1 4J1-g|5tCffi 

(0064) ±j^(^/<:5!^En 19a. 20a {C7n-r:^X^ 

j^Wibr. fS.mm<Dti:^(D')%, 3tt?f!tt*'xib-rN 

H,. pJM14;^;^tLrDCS. #*'X<!:LrA r ^ffl 

>i/**X(CSSjjaT'S;^fXiOt:C l,?rfflt,->2>. 
NF.tcC l.?:S5to-r€.i. •?-©^»K:<t 0 F C 1 <&4 
fiSU. C(!>ijXi)iS i ,n,^x.-j^yiftii)K FCl 
its 1 O.irX^^^^d'L/JiOCiTlPe). S i.N^/S 
i CSm^^i'SCiAi-Ct-E.. C©Ct*^e>S^ 
•C«fi5 $ n/c^SSPa 3 *l /£ S i 3 N , M€: i"; - 

'j^ytftictii^h. ae*©NF3©s';-->i'ic 

J: •2.E3IS|!D°D©s^{t*}lli*iJt?# S . 
30 [ 0 0 6 5 ] ±aiL/fcm2 ©»S£©JfJ!!lO?^C V D^g 

{c<twi. :?-7Xv^«^©3 2**A-i 4-ca5c 

itCiO. 77XvS;g5:|S]±-r5Ci*5rtS. L/c 

;</;^?:7'vX-7K:j;»)itll«:gt4fk-C*^.. ^'^ 
Xv4^M^2 6*l/7/^•- 1 4-CEii}i^fiS$<l'Cl»S© 

r. SgiO:JlSItS2 4-C©^7X-74fiE^W^CCl!*jht? 
t . $ fcStgffigSltS 2 4 --© 7' 7 X v©?i A 4) 

40 [006 6] ii^c. "^nv 7yiy<0t.^^VvX-7^fS. 

m$.t{^x^Hhi^'^vi)iL^x. gs©/J^^^c:^7^^'- 

©■C, ffift{bS6^*JSn. J:0^<©X/x4rS1±{btr 

h7*7XviBiCVD^aJ:0fc. J:0^^<©f§t4ffl^r'i' 

[006 7] S;fc, g3agl52 2 CC. 5gSfSB2 2A^e.aHl 
3 *l 5 7" 5 X v©)5jiHia?r ^. 7" 7 X 2 

50 }#-3^ffll7'7X-7 2 1 4eateg|52 2*>f>«Kllir5Ci*« 
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xv©fiims*-S«: L/t: 2 o a (c-^^ 

77 X V X ^> SU'iSir i C i r # -5 , 

[0 06 8] CCf. 134Ri>'S5^fflt,»fc;?XIi®IS 

[0069] ( 1 ) fiX)SSaS(?j 1 
•;^;''-c-l 4F«9gRK:NH,, g§ttg|!2 Z^^CDC S^r^v 

lift t//c N H, «r * --'^WK:«^#■r 5 C i {C J: •) Sffi 

j;LIitgt^2 4TDCSi]SlC&L. g£*©^.CVD^g. 
S P. 'J h 77 Xviaic V DSIS©iaS«t 0 

[0070] (2) fiSmSF<2 
ij^^- 1 4 l*3S|5tC A r . M)Rg|5 2 2 ^ifitc DCS RtXN 
H.^rfiiJ&r-S. lliffig77X7{ci 5.K:j;fJrSt4^ta 20 
n>cA r«^En2 1 tC^nfi^CciROfiB^n. rStti^^ 
jU4'-?:NH,iDCS(C4;ii, cnJCj:oT4>. 
*®SJgctOi£t,»!afi[-CS i jN,©fi5cflll?:tf^C^ CiAi 

[0 07 1 ] (3) i^'J-^lyi^mi 
iO)<- \ 4rtgi!CCNF.?:9t.|&TI>. N F, 
X-7 1 5{Cii3SttS^. NF,©?gi4;«/x<&fflt,»-C. 

rc^-SKiStDU, tS*©SSi'5i5t>jaB[Ti"Jr:- 30 

> i^^aS^rtf ^ C i *i-C# 2). 
[0 0 7 2] (4) i";-->i'«?(2 

1 4rtgP«;A r , g3)5)i:S|52 2{1i5{CN F,5r^4& 
-r-5, :7'7Xv 1 5(Cj;f9 A r ^rSttS-l*, rStti^-^l' 

[007 3] (5) i' ';-->i^£?i3 
^---c- 1 4l*9gPiCNFj. K&SI52 2fffi(CC 1 ,i:^J& 40 
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M<^3tx2>. Fc Hi. mmm^^iA^oys \ 
^. 

[0074] ( 6 ) sigasMSf^ 

4rtS|5H:H;. N.. IfteBNH,. ra«tSI52 2 
ffJfiicNF.^re^f&r?.. 77X-7I 5{CJ;0H,, N, 
* 1M N H . ^rSt*{b 3 ti ;l'=f-?: N F . «: 

[0075] ntte. ±jf L/c^ 1 Ro*s2 ©^©m^. 

[007 6] 

[s?g©^*] ^mmxt\u. ipuyvi^vxo'i^mc 
7'^xv4fiX^s*<iAfcfe©<!:tt;-<r. mmt^ntc 

*'X 5:ffitt*itt*§© S $ . J: 0 ^ < SrEtrt ©S^fCii] 

[iss©ef#^<ci$iBj] 

[02 ] 0 1 {C(i&-5SS*!iaJlg©i^d7 7>i^gPO»£ 

[03 ] m 1 ©||J5S©J^SS{c#-2.^Jfi^?:^:r*'n:' -7 
>-:^g|5©il£^0T4).5. 

[04 ] ii2©jiis©i^sg{c^4*fi«ftas^s©i^n7 

■7>vei5©Jd;:^0r*5, 

[05] E4©SSP©¥JKffiS"C*^). 

(?f^©ittBj] 

4 ^^n^^Vi? 

7 jtfXflM^S 
1 1 7*5X-?4fiS^I3 
3 0 Slt.t 
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